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INTRODUCTION/BACKGROUND
Cardiac catheterization procedures are commonly performed on patients with congenital heart disease (CHD) in both inpatient and outpatient setting. Patients may undergo either a cardiac catheterization (cath) or an electrophysiology (EP) procedure. In many cases, a patient will require both procedures either for diagnosis and/or treatment.
These procedures are often performed on an outpatient basis following a recovery period of 4-6 hours. 1 Combining procedures may provide financial benefits and reduce the overall length of the patient's hospital stay. Children with special health care needs, such as those with CHD, are estimated to account for about half of all pediatric healthcare costs. 3 Healthcare costs may also be reduced by efficiently combining care, services, and procedures. 4 The objective of this study was to compare the cost and time commitment for the patient and hospital for cath and EP procedure performed separately or in combination. 
TA B L E 1 Demographics

METHODS
A single-center retrospective study was performed on CHD subjects who had undergone combination procedures (study subjects) and single cath or EP procedures (control subjects). Combined cath and EP outpatient procedures from the 2013 to 2016 calendar years were identified and selected as study subjects. Control subjects were identified and selected from the 2009 to 2016 calendar years. At least two controls were chosen for each study subject, one to match the cath procedure and one to match the EP procedure. Additionally, control subjects were chosen to reflect a similar age and cardiac anatomy of the study subjects. Since none of the combined procedures had any major complications, we chose the control subjects also without complications. Institutional Research Board approval was obtained prior to the beginning of the study.
Demographic data included age, height, weight, cardiac anatomy/ surgical repairs, and clinical diagnosis at the time of procedure. Procedural data included procedure duration, recovery duration, and length of stay. Procedure duration was defined as the time the patient entered the cath lab to the time they left the cath lab. Recovery duration was defined as the time from the end of procedure to discharge. Length of stay was defined as the time from outpatient admission to discharge.
In order to compare study subjects who had combination procedures to control subjects who had single procedures, the durations of the control subjects matching to a single study subject were summed.
For example, the recovery durations of cath control and EP control subjects were summed and compared to the recovery duration of the corresponding study subject.
Financial data included physician charges, equipment charges, all other hospital charges, and total admission charge. Physician charges included both cardiologist and anesthesiologist charges. Equipment charges consisted of sterile supplies, pacemakers, and all other implants (revenue codes 272, 275, and 278). 5, 6 All other hospital charges were compiled into a single fee, which was considered as a combination of recovery, anesthesia, and facility fees. In order to normalize payments, all charges were converted to Medicare/Medicaid reimbursement rates according to the year of procedure. All charges, fees, and payments were adjusted for inflation to the 2016 fiscal year.
Similar to comparing procedural durations, the charges of control subjects were summed in order to compare them to the charges of their corresponding study subject. For example, equipment charges of cath control and EP control subjects were summed and compared to the equipment charge of the corresponding study subject.
Median time and cost savings were calculated as the difference in time and cost for each study and their respective control subject. The difference was then calculated as positive or negative and then represented as mean difference. This was called as Median savings.
Statistical analysis
All statistical analysis was performed using the GraphPad Prism 
RESULTS
A total of 92 subjects (55% male) were identified who had undergone cath and/or EP procedure. Thirty-two (44% male) were in the study group and 60 (62% male) were in the control group. There was no statistical difference in age, weight, and height between the study and control groups (Table 1 ). Three study subjects had a combination procedure consisting of three procedures. These three patients had three procedures performed in one setting and were matched to three controls each. One patient had a venous baffle angioplasty along with EP study, cryoablation, and implantable cardioverter defibrillator placement. One patient had transcatheter pulmonary valve placement, EP study, and cardioversion, and one patient had diagnostic cath, EP study, and loop recorder implantation. Control subjects were matched to each of these study subjects-one for each procedure of the combination case.
The most common clinical diagnoses (Table 2 ) was cyanotic heart disease (n = 58) including transpositions of the great arteries (n = 28) and tetralogy of Fallot (ToF) (n = 18). The subjects with structurally normal heart were patients with cardiomyopathy, heart transplant, or postcardiac arrest. The majority of patients (61%) had previous surgical repair (n = 66) with ToF repair as the most common surgical repair (n = 14). Subjects may have had more than one clinical diagnosis and/or more than one repair.
The types of procedure performed are described in Table 3 . Sixteen subjects underwent a total of 31 intervention procedures. The most common interventional cath procedures were angioplasty followed by stent placement and valve placement. The stent placement was in the right ventricular outflow tract, pulmonary arteries, and pulmonary
TA B L E 2 Subject's primary diagnoses
Clinical diagnosis
Study subjects (n = 32)
Control subjects (n = 60)
Total subjects (n = 92) venous baffle in a patient after atrial switch. The control patient had a similar procedure performed. There was one patient with pulmonary who had main pulmonary artery (MPA) angioplasty, and pulmonary valvuloplasty was also reported as the balloon used for MPA angioplasty would also dilate the pulmonary valve. We considered this as similar to MPA angioplasty in a control patient. The most common EP procedures were device generator replacements followed by ablations and diagnostic EP studies (Table 3 ).
Compared to the study group, control group subjects had longer hospital stays (Table 4 ). Median procedure times were similar between study and control groups. In comparison to the control group, study group procedure duration was 6% shorter on average but was not statistically significant. The study group recovery duration was significantly shorter by 22% (P = 0.04) ( Table 4) . On average, the study group lengths of stay were more than 25% shorter (Table 4) . 
DISCUSSION
Outpatient cardiac catheterization is a safe and effective method of diagnosis and intervention for most patients with CHD. [7] [8] [9] With the advances in the care of congenital cardiology patients, the number of procedures for this patient population has increased significantly.
Expenses have been previously shown to be reduced by combining care, services, and procedures. This has been demonstrated by the combination of coronary angiography and angioplasty into a single procedure. 10 In this study, significant reductions in postprocedure recovery time and expenses were seen. As a result, hospitalization times were shortened by about 30%, and about $2,000 per patient was saved in total hospital charges.
Reduced expenses and hospitalization times have also been seen in fields outside cardiovascular medicine. A number of surgical services such as oral surgery, otolaryngology, and general surgery have been combined with dentistry under general anesthesia. 11 In particular, combining dental treatment and services with oral surgery under hospital general anesthesia on average has been shown to save more than $2,000 per case when compared with separate treatment and service cases. Shorter procedure times, anesthesia times, surgical times, and hospital stays led to lower inpatient charges and only a single recovery period was needed after anesthesia for multiple procedures.
Similar results were seen in combined laparoscopic/endoscopic procedures in which patients were able to benefit from reduced exposure to anesthesia and a single hospitalization. 12 Length of hospital stay for a patient who underwent a combined procedure was similar to the length of stay for a patient who underwent a single procedure.
Cost reduction has been seen in combining noninvasive tests as well. For patients who needed multiple noninvasive tests for coronary artery disease diagnosis, combining fluoroscopy, stress electrogram, and stress thallium scintigraphy optimized the cost per diagnostic yield of the tests. 13 It is important to note that combining these tests was not cost-efficient if all tests were not required.
We analyzed the time and financial implications of combining procedures for the CHD patient population. In this retrospective analysis of 92 subjects, we found both time and financial savings. As expected, Note: ASD = atrial septal defect; BiV = biventricular; Cath = catheterization; EP = electrophysiology; ICD = implantable cardioverter defibrillator.
TA B L E 3 Procedures performed
procedure times were found to be statistically similar between the two groups since identical procedures were being performed. Any small variance in the procedure time could be attributed to the preanesthesia, anesthesia induction time, and time needed to obtain access.
Control group procedure time included preanesthesia time (patient entering lab to the induction of anesthesia) and anesthesia time, which reflects the time expected if a patient was admitted for two separate procedures. A significantly shorter recovery time is in large part due to study subjects having a single recovery period, while control subjects had two separate recovery periods. Similar to recovery time, the length of stay was shorter for study subjects. This could reduce the burden on the hospital as well as the patient. If two procedures could be F I G U R E 1 Box-whiskers plot of charges for study and control patients. S, Study subjects; C, Control subjects F I G U R E 2 Median cost savings for different types of charges performed on the same day with one recovery time, this would reduce the need for scheduling two procedures at different times.
Although not statistically significant, financial analysis showed savings on average in every category. Equipment charges, as expected, were similar and insignificant between groups. Theoretically, the exact
TA B L E 4 Time savings
Study median (IQR) Control median (IQR) Median savings P-value
Procedure duration (min) 248. believe the extra costs of special equipment merit the benefits. 14 Disparities may also be attributed to the increasing complexity and costs of equipment over the past decade.
Physician charges were lower for study subjects although statistically not different. Depending on the complexity and longevity of procedures, cardiologist charges can vary, whereas anesthesiologist charges are dependent on procedure length. 15 We expected to see similar physician charges for similar procedures between the study and control groups. Savings seen could be owed to a single anesthesiologist charge incurred instead of two separate charges.
The remaining hospital charges were compiled as a single sum.
These charges included anesthesia, recovery, and facility fees. With shorter recovery times we would expect these charges to be similarly reduced for study subjects. But anesthesia for most procedures and surgeries generally comprises less than 6% of perioperative costs and can be further reduced with efficient preoperative care. 16, 17 Even if it is a smaller portion of total costs, average savings of over $6,000 for study subjects are substantial.
The total sum of all charges trended toward being lower for study subjects with a median of $13,811 saved. A lack of statistical significance can be explained by the high median cost of a combination procedure. However, when including all 32 study subjects, there was substantial financial saving. Length of stay is often used as an indicator of total costs, but the last day of a patient's stay has been found to account for a smaller portion of total costs. 18 The significance seen in reduced length of stay may not translate to the total admission to discharge charges.
Other potential savings for patients are more challenging to quantify. Often, patients must take time off work and some may have a considerable commute. Furthermore, a single appointment would alleviate any logistical burdens. Combination procedures would effectively decrease both time off and commutes in half, saving time and money for patients while minimizing stress involved in planning around an appointment.
There were no complications noted in the study subjects, hence we did not include control subjects with complication as it would skew the data. A complication can 19 definitely adds to the cost of care. Previous studies have also proved that combining procedure does not always lead to increased risk of complications. 20 Asaki et al. reported an adverse event rate of 4.8%. None of the adverse events were deemed to be due to combining the procedures. 20 Even then it is lower than reported 7.8% complication rate with 1.8% major complication rate from the high-volume single pediatric center. 21 Vascular complications due to adverse procedural events of diagnostic catheterizations have significantly decreased over the years. 22, 23 Combining cath and EP procedures has long been a practice at our institution. It should be noted that healthcare costs of coordinated care are not always measured in the same way as clinical patient care and can lead to underreimbursed costs. 24 It is important to note that adequate communication between interventional cardiologists and surgical service is necessary to prevent procedural complications. 25 A combined procedure may be contraindicated in certain patients, such as those with complex cardiac anatomy.
LIMITATIONS
As a single-institution, retrospective study, it is recognized that these results will not be identical to similar studies from other institutions. It is important to note possible fluctuating Medicare/Medicaid reimbursement rates for subjects gathered from over the past decade.
Accessibility and costs of equipment may also have changed from year to year. Optimal analysis could be achieved by a prospective study involving patients requiring both a cath and EP procedure who are randomly assigned to receive a combined procedure or two separate procedures, though this may not be practical. A larger study group sample size would help refine results.
Lastly, we did not assess the radiation dosage of combining EP and catheterization procedure. The radiation exposure for EP procedures has significantly decreased over the years. In the current era, most EP procedures are performed with minimal or no radiation. 27, 28 Hence, we did not perform the radiation dose assessment and this was not the intent of the study.
CONCLUSION
Combining cath and EP procedures in the pediatric cath lab should be considered for the advantage of both the patient and hospital. Patients benefit from time savings, while also reducing the logistical burdens of creating multiple appointments. Future research should be focused on obtaining a larger sample size and expanding the study to multiple institutions and departments.
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